ABSTRACT: Chemical composition of the noncarcass organs, combined noncarcass organs, and fleecefree empty body (FFEB) was measured during live weight gain (LWG) and live weight loss (LWL) to determine the effect of different periods of normal and retarded growth on chemical composition of noncarcass organs and FFEB. Thirty-five Merino wethers had ad libitum access to the experimental diet 
Introduction
Animals lose weight when intake is below maintenance, and weight loss is accompanied by a marked catabolism of protein and fat from body tissues (Butler-Hogg, 1984; Fattet et al., 1984) . This indicates that some of these tissues are used as a source of energy and protein for maintenance of other tissues during undernutrition (Murray and Slezacek, 1988) . The rate of mobilization of protein and fat from these tissues is influenced by the severity and duration of intake restriction (Black, 1983) and also by the stage of maturity of the animals (Thornton et al., 1979; Butler-Hogg, 1984) .
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Few studies concerning the chemical composition of the noncarcass organs during undernutrition have been conducted (Little and Sandland, 1975 ; Thornton et al., 1979; Butler-Hogg, 1984; Drouillard et al., 1991) . The data of Little and Sandland (1975) showed that the chemical fat content of the mtire viscera and the blood was similar in normal and weight loss animals at the same fleece-free BW. This is in agreement with the results of Thornton et al. (1979) , who found that mature animals after weight loss contained a similar chemical fat content in the offal, and a higher fat content in the fleece-free empty BW, compared with continuously grown mature animals at the same fleece-free empty BW. However, none of the previously published studies reported changes in chemical composition of individual noncarcass organs. These data are important to obtain because weight loss is common in ruminants living in climates where there is large seasonal variation in nutrient supply. Knowledge of protein and fat mobilization from organs has important implications for realimenation, responses to environmental stress, and reproductive ability of grazing ruminants living in these areas. Therefore, the present experiment aimed to evaluate the effect of various periods of live weight gain and live weight loss and different proportion of live weight loss on the chemical composition of individual noncarcass organs and fleece-free empty body in lambs and to compare these with normal lambs at the same fleece-free empty BW. The effects of these treatments on weights of tissues and organs have previously been reported (Aziz et al., 1992a (Aziz et al., , 1993 .
Materials and Methods
The experimental design and detailed procedures were outlined previously (Aziz et al., 1992a,b) . Briefly, 35 Merino wether lambs were randomly allocated to each of seven slaughter groups. Wethers in Groups A (live weight gain) and B (live weight loss) were fed the experimental diet (17.23% CP and 12.09 M J k g of DE) once a day at 0800, either to appetite during live weight gain (LWG) or in restricted amounts during live weight loss ( LWL) .
Water was freely available a t all times.
Wethers in Group A were grown from 23.0 to 33.0 kg live weight, and five wethers were slaughtered at 23.0, 26.3, 29.6 , and 33.0 kg (denoted as &, AI, Az, and A3, respectively). Group B wethers were also grown from 23.0 to 33.0 kg live weight at a rate similar to that of Group A wethers. However, after wethers in group B reached a live weight of 33.0 kg, they were fed a restricted quantity of the experimental diet so as to lose live weight at 133 gld for a period of either 25, 50, or 75 d. Five wethers were slaughtered after each of these periods of weight loss at live weights of 29.6, 26.3, and 23.0 kg and are denoted as B1, Bz, and B3, respectively.
Wethers were slaughtered and processed according to normal commercial practice (Butterfield, 1963 j. During the initial processing, the external and internal noncarcass parts were separated and weighed and were classified as noncarcass external organs (head and feet, and skin), thoracic organs (heart, spleen, and lungs and trachea), and the visceral organs (liver, kidneys, pancreas, and gut [tissue and fat]) as described by Aziz et al. (1993) . All the noncarcass parts were stored (excluding blood, lymph glands, and heart fat) at -20°C for subsequent chemical analyses.
The head and feet were prepared together by first clipping them closely using an Oster clipper to remove any wool. Horns were removed from the head and horny tissue from the feet and discarded. The head and feet were weighed together before being cut into small pieces using a band saw and immersed in liquid nitrogen. The frozen pieces were ground immediately in a cutter grinder with a sieve plate with holes 9.5 mm in diameter; the resultant mixture was then ground through another sieve plate with 5.0-mm holes. Heart, kidneys, spleen, pancreas, omasum, abomasum, and esophagus were each cut into small pieces, immersed in liquid nitrogen, and immediately ground in a Wiley Mill with a sieve plate with holes 3 mm in diameter. Skin, total alimentary tract fat, lungs and trachea, liver, rumen-reticulum, small intestine, and large intestine were each ground twice in a mincer with a sieve plate with holes 5.0 mm in diameter. A random sample of approximately 300 g, or the entire sample if total weight was less than 300 g, was obtained for each component from the homogenized ground materials, placed in a sealed plastic jar, and stored at -20°C.
Chemical Analyses. Samples of the noncarcass components were analyzed for water content, crude protein ( N x 6.25), and chemical fat using standard methods (AOAC, 1970) . Chemical fat content was determined on duplicate 2-to 5-g samples as the difference in DM before and after extraction using a 2: 1 mixture of chloroform: methanol. Crude protein content was determined on duplicate samples using a Kjel-Foss automatic nitrogen analyzer.
Statistical Analyses. Statistical analyses procedures were described in detail by Aziz et al. (1992a) . In brief, a regression technique was used to calculate the regression coefficient ( b ) during LWG and LWL to compare the rate of change of chemical components in the noncarcass organs ( y 1 to the organ weight (x) . All data were converted to logarithms (base = lo), and the equations were fitted by the least squares technique (Steel and Torrie, 1980) in the linear form, as follows: log y = log a + b log x.
When the rate of change of the dependent ( y ) and independent ( x j variables is similar, the b = 1; when y forms an increasing or decreasing proportion of x, then b coefficient becomes greater or lesser than 1, respectively. At each common slaughter weight, the weights of the chemical components in the noncarcass organs in the LWG and LWL treatments were compared by the use of student's t-test (Steel and Torrie, 1980) .
Results and Discussion
The comparisons of chemical composition of noncarcass organs and fleece-free empty body among treatments were made at the same common slaughter weight and also at the same fleece-free empty BW ( FFEBW) because of the similarity of FFEBW in live weight gain (LWG) and live weight loss (LWL) wethers at each common slaughter weight (Aziz et al., 1992b) . 
Noncarcass External Organs
The greater ( P < .001) slope for water content of head and feet in the LWL treatments than in LWG treatments ( Table 1 ) resulted from the fat that the combined head and feet weight increased more during LWG than it decreased during LWL, whereas the accumulation of water during LWG was closely similar to water loss during LWL ( Table 2 ). The overall loss of chemical fact from the combined head and feet during LWL was relatively small (22 g ) and not significant, which was indicated by the greater chemical fat weight in LWL wethers at each common slaughter weight ( afbWithin the same common slaughter weight, means in rows with different letters differ ( P < .05). ' >!' Within the same common slaughter weight, means in rows with different letters differ ( P < .01).
head and feet after weight loss and a decrease in both protein and water weights of the skin while chemical fat in the skin remained the same. Hutchinson (1957 j also found that both skin protein and skin thickness decreased during undernutrition, which resulted in weight loss. Little and Sandland (1975) found that skin protein formed a lower proportion of total body protein in weight loss animals, although body protein was similar after weight loss to that in control animals.
Thoracic Organs
The chemical analyses of the heart revealed that chemical fat content was conserved during weight loss (Tables 3 and 4 j despite the similar weight of heart in LWG and LWL wethers at each common slaughter weight ( Aziz et al., 1993) . A similar conservation was observed by Hight and Barton (1965) in a group of sheep subjected to weight loss from 65 t o 52 kg live weight over a period of 42 d. Heart protein weight was reduced by 14% during 75 d of weight loss, whereas heart protein in studies of Hight and Barton (1965) and Masters (1963) was reduced by 23 and 25%, respectively. The lower reduction of heart protein in the present study might be a reflection of the higher crude protein diet fed during weight loss. The chemical composition of the spleen was generally similar in both treatments except that chemical fat weight was greater ( P < .05) in LWL animals at 23.0 kg ( Table 4) . The loss in protein content during 75 d of weight loss was not significant, a finding that is contrary to the conclusion of Masters (1963) that spleen protein was highly liable. There was no consistent significant effect of weight loss on the chemical composition of the lungs. Masters (1963) reported that lung protein content was well preserved under the stress of chronic dietary deprivations. This finding is not supported by the present experiment, in which the decrease in protein content of lungs during weight loss amounted to 17% of the value before weight loss ( Table 4) .
Visceral Organs
Liver weight was reduced by 48% during the first 50 d of LWL (Aziz et al., 1993) . This reduction was due to the mobilization of protein and water by 52 and Masters (1963) , who found that liver protein was reduced by 47% during undernutrition, which is comparable to the value reported here (54%) over the entire 75 d of weight loss. The major change in chemical composition of the kidneys was in water content, which was reduced by 38 g (47%). Protein and chemical fat weights were reduced by 8 (46%) and 3 g (47%), respectively, similar to the overall reduction in kidney weight of 46% during the 75-d weight loss (Aziz et al., 1993) . In fact, that chemical components were reduced proportionally at the same rate and none of the chemical components were conserved during weight loss (Table  4 ) is in contrast t o the finding of Masters (19631, who found that kidney protein was conserved during undernutrition.
Pancreas weight was increased only by 4 g during LWG and reduced by 18 g during LWL. This reduction in pancreas weight during LWL was mainly protein and water, and these two components were significantly lower in LWL wethers than in LWG wethers for each common slaughter weight (Table 4 ) . Masters (1963) also found that pancreas lost 31% of its preweight loss value, similar t o the result reported here.
Alimentary Tract Tissue. The regression slopes for the chemical components of the separate parts of the alimentary tract tissue and total alimentary tract tissue during LWG and LWL were presented in Table  5 . Protein and water weights in the rumen-reticulum of LWL wethers were significantly lower at each common slaughter weight (Table 6 1, in accordance with the reduced weights of the rumen-reticulum during LWL (Aziz et al., 1993) . Small intestine was the part of the alimentary tract tissue most affected during weight loss; it was reduced by 62% (Aziz et al., 1993) . This was comparable to the reduction in protein (60%), chemical fat (56%), and water ( 6 1 % ) in the small intestine during weight loss, and each of .1) a.bWithin the same common slaughter weight, means in rows with different letters differ ( P < .05).
XJWithin the same common slaughter weight, means in rows with different letters differ ( P -i .01).
these chemical components was significantly lower in LWL wethers at each common slaughter weight ( Table 6 ). The lower weight of the large intestine in LWL wethers at 23.0 kg ( P < .01) and 26.3 kg ( P < .01) was mainly due to the greater mobilization of water from this organ during the second and third periods of LWL, as indicated by the higher slope for LWL wethers ( b > 11, resulting in water forming a decreased proportion of large intestine weight ( A s , 82.0% and B3, 79.5%). Despite the slower rate ( P < .05) of protein loss during LWL, compared to the rate of increase during LWG, protein weight was lower ( P < .05) a t both the lowest common slaughter weights in LWL wethers (Table 6 ) . This resulted from the fact that large intestine tissue weight in LWL wethers decreased at a faster rate ( P < .001) than the rate of increase during LWG, in relation to FFEBW (Aziz et al., 1993) .
The total weight loss of protein, chemical fat, and water from the alimentary tract tissue (except esophagus) were 91, 36, and 594 g, respectively. This indicates that the decrease in tissue weight of each separate part was mainly due to a decrease in water content during the 75-d weight loss. Also, most of the mobilization of protein, chemical fat, and water from the alimentary tract was mainly from rumen-reticulum and small intestines, which accounted for 78, 64, and 73%, respectively? of the total components lost during LWL. These results also showed that a closer relationship exists between alimentary tract tissue and protein and water contents during LWG and LWL than between alimentary tract tissue and chemical fat (Murray and Slezacek, 1980) .
The slope for chemical fat relative to the weight of total alimentary tract fat was higher ( P <.001) in the LWG wethers; chemical fat formed an increased proportion of total alimentary fat ( b > 1 ) during LWG ( Table 7) . The values for Groups A, -, , A I , A2, and A 3 were 63.8, 79.7, 78.4 and 82.8%, respectively. However, chemical fat and alimentary fat weight were (Aziz et al., 1993) .
Combined Noncarcass Organs
The combined weight of each chemical component of the noncarcass organs was regressed against the combined noncarcass weight during LWG and LWL (Table 9 ). The comparisons of the regression slopes in both treatments indicate that the slopes for both protein and water were higher ( P < .001) in LWL wethers than in LWG wethers, and the reverse was true for chemical fat (Table 9) . Thus, LWL wethers had lower ( P < .01) protein and water and greater ( P < . O l ) chemical fat than LWG wethers (Table 10) . Winter (1971) also observed, in studies of the chemical analyses of the combined noncarcass organs, that weight loss animals had lower protein and water and greater chemical fat in their combined noncarcass organs than did control animals at the same fleecefree BW. Butler-Hogg (1984) also reported data on the chemical composition of the "visceran (all internal organs including the kidneys, kidney and channel fat, and mesenteric and omental fat) and the "remainder" (head, fleece-free skin, feet, and blood) from a weight loss experiment. Butler-Hogg ( 1984) found a significantly lower water content in the viscera, and the protein and chemical fat showed a trend t o be lower and greater, respectively, than that found in control animals. The chemical composition of remainder in Butler-Hogg's study was similar for control and weight loss animals.
The sequential and cumulative reduction of the combined noncarcass organs and the chemical components of the combined noncarcass organs during the three 25-d periods of LWL are presented in Table 11 . The contribution of noncarcass organs to the loss in FFEBW loss during the 75-d weight loss was declined progressively from the first period (57%) to the second period (44%) and was lowest during the third period (29%). Most of the reduction in combined noncarcass protein and chemical fat occurred during the second and third periods, representing 80 and 96%, respectively, of the protein and chemical fat loss during the 75 d, whereas 80% of the total water loss occurred during the first and second periods (Table  11) . During LWG, combined noncarcass protein, chemical fat, and water increased by 170 g ( 15% 1, 990 a)bWithin the same common slaughter weight means in rows with different letters differ ( P < .05).
X>YWithin the same column slaughter weight means in rows with different letters differ ( P < .01). aThe summation of the chemical components of the noncarcass organs (excluding blood, external heart bNoncarcass weight = fleece-free empty body weight minus hot carcass weight.
'Slopes were significantly different from zero ( P 4 .01). ***P < ,001.
fat, lymph glands, and bladder).
g (132%), and 890 g (20%#), respectively; however, after 30% of LWL (10 kg), combined noncarcass protein was mobilized by 388 g (30%) and that of chemical fat was reduced by 522 g (30%), whereas water content was the most affected, being reduced by 2,040 g (38%). These results indicate that in the noncarcass organs LWL wethers contained less protein and water and more fat than LWG wethers, and 56% of the weight loss in the combined noncarcass organs was water loss.
Fleece-Free Empty Body
The regression analyses for the combined weight of each chemical component in the separate organs of both noncarcass and carcass portions of the fleece-free empty body vs FFEBW are presented in Table 12 . Despite the higher slope ( P < .05) for protein in LWL wethers (both slopes were less than l), protein weight showed only a trend to be lower in LWL wethers ( aThe summation of the chemical components of the noncarcass organs (excluding blood, external heart fat, lymph glands, and bladder). b,Within the same common slaughter weight, means in rows with different letters differ ( P < .05). 'J'Within the same common slaughter weight, means in rows with different letters differ ( P < .01). Thornton et al. (1979) found that mature sheep had more chemical fat and similar water in their FFEB after weight loss compared to normal animals at the same empty BW. Thornton et al. (1979) also found that immature sheep lost twice as much water as fat, whereas mature sheep lost similar amounts of fat and water from the FFEBW. The immature wethers in the present study also lost more water (4,380 g ) than chemical fat (2,100 g).
Implications
The more rapid mobilization of protein from noncarcass organs than from carcass parts during weight loss indicates that noncarcass protein was used as a labile source of nutrients for maintenance of the carcass. Because chemical fat was mobilized at a lower rate during weight loss than it was gained during weight gain, and given the general dehydration of some body organs (early-maturing organs), the empty body of the sheep after weight loss contained more chemical fat and less water than that of normal growing animals at the same fleece-free empty body weight. Further understanding of the effect of weight loss on the chemical composition of noncarcass organs and fleece-free empty body will require investigations that include the effect of stage of maturity at the onset of weight loss, rate and duration of weight loss, and(orj dietary protein and energy intakes during weight loss. bAll slopes were significantly different from zero ( P < ,011. *P < .05. ***P < ,001. Table 13 . A comparison of the mean weights in kilograms (standard deviations) of the chemical components in the fleece-free empty bodya in the live weight gain (LWG AolA1,A2) and live weight loss (LWL Bl, B2, B3) treatments at common designated slaughter weights Literature Cited
